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TELESCOPE STRUCTURE DESIGN FOR SOFIA 3 METER TELESCOPE
PROGRESS REPORT



The following is a brief report on the current design for the center-
piece support structure of the telescope. The design presented on the
following pages represents the current state of development for the
sofia telescope structure.

Design Parameters:

I. Geometric Shape

In order to maximiie stiffness, the center piece needs to have the
largest geometric shape possible within physical constraints.

II. Stiffness

The stiffness, as determined by the first mode natural frequency, needs
be to maximized within the other parameters. The goal for the stiffness

is a first mode natural frequency of 30 Hz or above.

III. Weight

Since the telescope will be mounted in an aircraft, the weight of the
structure needs to be minimized within the other parameters.

Materials of Construction:

Two different materials for constrdction of the centerpiece are

currently being considered: aluminum, and graphite epoxy composite.
Both of these materials have high stiffness to weight ratios.

Design:

The centerpiece structure is basically a monocoque design. As a

result it was det%rmined that the centerpiece should have the largest
depth and width that is practical to fit in the telescope cavity in
order to maximize stiffness. The length of the center piece was
determined as a result of balancing weight and stiffness along with

other physical constraints. In order to reduce weight, the plate, or
skin, members making up the structure were made as thin as possible.
The recommended geometric shape for the center piece design is shown
on Figures l&2.

Optimization and Analysis:

For optimization and analysis a finite element model of the center
piece was made. The plate elements were defined as small groups, and

thicknesses of the groups of elements were made so they could vary

independently. The model was then run through an optimization program
to minimize the thicknesses of the plate elements while maximizing

the natural frequency. Finally, the optimized model was analyzed using
NASTRAN to determine the lowest natural frequencies. This was done for

both materials using the same model.



Results:

The results for both materials were similar with respect to weight and
distribution of element thicknesses. The element thicknesses for the
aluminum model are shown on Figures 3-6. The weight of the center piece
structure for both materials is approximately 2,000 ibs. However, the
composite model was stiffer, with a first mode frequency of 30 hz
compared to 20 Hz for the aluminum model.

Conclusions:

The weight for both the alumunum and composite structures was the same.

The composite model does have the advantage of higher stiffness than

the aluminum. However, the center piece would be easier and less costly
to construct from aluminum than composite material. In addition, the

actual requirement for first mode natural frequency is not yet known.
Additional stiffness might be gained from adding the rest of the
structure to the model as well. Therefore, both materials should still

be considered for construction of the center piece.

It should be commented on here that an estimated weight for the rest of
the telescope structure was included in the model as lumped masses along

with respective mass moments of inertia. The estimated weight for the
telescope is 8,300 ibs which indicates that a goal weight of i0,000 ibs
is reasonable.
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